line characteristics were compared between the CLEAR group (IVH screened without vascular lesion) and the group of IVH patients screened and excluded from CLEAR because of an identified vascular lesion. We further analyzed the differential demographic and clinical characteristics among subcohorts with different vascular lesions. Results: A total of 10,538 consecutive IVH cases were prospectively screened for the trial between 2011 and 2015. Out of these, 496 cases (4.7%) screened negative for underlying vascular lesion, met the inclusion criteria, and were enrolled in the trial (no vascular etiology group); and 1,205 cases (11.4%) were concurrently screened and excluded from the trial because of a demonstrated underlying vascular lesion (vascular etiology group). Cases with vascular lesion were less likely to be >45 years of age (OR 0.28, 95% CI 0.20-0.40), African-American (OR 0.23, 95% CI 0.18-0.31), or male gender (OR 0.48, 95% CI 0.38-0.60), and more likely to present with primary IVH (OR 1.85, 95% CI 1.37-2.51) compared to those with no vascular etiology ( p < 0.001). Other demographic factors were associated with specific vascular lesion etiologies. A combination of demographic features increases the association with the absence of vascular lesion, but not with absolute reliability (OR 0.1, 95% CI 0.06-0.17, p < 0.001). Conclusion: An under-
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Introduction
Intraventricular hemorrhage (IVH) is a distinct subtype of intracerebral hemorrhage (ICH) that results from blood gaining access to (or, less commonly, arising within) the brain ventricles [1] . The condition is invariably associated with high risk of mortality and poor functional outcome despite advances in clinical practice [2] [3] [4] [5] [6] [7] [8] .
The presence of an underlying vascular lesion is important for prognosis and estimating the risk of re-bleeding, which consequently dictates further management in ICH/IVH such as the decision-making for timing of surgical and/or endovascular interventions. Other aspects of patient management are also influenced by the presence or absence of an unsecured vascular lesion, including blood pressure control, and prophylactic or therapeutic anticoagulation for venous or cardiogenic thromboembolism [9] [10] [11] [12] [13] [14] .
Guidelines for the selection of patients with ICH/IVH for vascular etiology screening are lacking. Recommendations by the American Heart Association and European Stroke Organization are based on low levels of evidence [15] [16] [17] . The decision about whether and how to deploy vascular imaging varies greatly in current practice [18] [19] [20] . The relative contribution of demographic factors to the likelihood of an underlying vascular lesion has not been carefully assessed. We hypothesize that patients with IVH secondary to a vascular lesion have distinctive demographic characteristics that differ according to the pathological nature of the underlying vascular etiology.
Methods

CLEAR III Trial
The Clot Lysis: Evaluation of Accelerated Resolution of IVH Phase III (CLEAR III) clinical trial is an international multicenter double-blinded trial investigating the effect of an intraventricular recombinant tissue plasminogen activator (alteplase) on outcomes in patients with IVH. The methodology and results of the trial have been published [21, 22] . Approximately 75 study centers throughout the US, Canada, and Europe participated in enrolling 500 subjects for the trial between April 2009 and January 2015. Patients presenting with supratentorial IVH who met the inclusion criteria were recruited through sites' emergency departments, neurological intensive care units, and clinical stroke services and underwent a detailed screening process to confirm the absence of other exclusion criteria, including a structural vascular lesion as etiology of hemorrhage. This utilized CT angiography (CTA) as the default modality, or MR angiography (MRA)/MRI in cases unable to receive iodinated contrast agent, as per CLEAR III protocol. A catheter cerebral angiogram was used in young patients, atypical bleeds, or with suspect findings on CTA, MRA, or MRI with 2-step decision-making by the site and then under advisement from the CLEAR III surgical center. Each participating site recorded inclusion/exclusion information about all screened patients into the VISION web-based electronic case report form system, which was then confirmed centrally by the trial's surgical and reading centers [21] .
Patients and Methods
This is a retrospective case-controlled analysis of prospectively collected data of IVH patients screened for eligibility as part of the CLEAR III clinical trial. The study was approved by the Institutional Review Board of respective participating sites and conducted in compliance with the Health Insurance Portability and Accountability Act. We considered all patients who tested negative on vascular imaging and subsequently enrolled in the trial as the group with no vascular etiology. We identified cases where reason(s) of exclusion was documented as aneurysm, mycotic aneurysm, Moyamoya, vascular malformation, etc. or "other" (reason for exclusion is recorded as "other" when a patient failed to satisfy one or more inclusion criteria and/or had one or more exclusion criteria). Other than harboring a structural vascular lesion, exclusion criteria from CLEAR included infratentorial hemorrhage, systemic coagulopathy, ongoing internal bleeding, pregnancy, participation in another medical investigation or clinical trial, and lack of subject or legal representative to give written informed consent. All cases were then manually screened to exclude patients with no documentation of an identified vascular lesion confirmed on further imaging studies through the screening process ( Fig. 1 ). The group with vascular etiology was ultimately defined as IVH patients who were excluded from the trial after confirmation of a distinct structural etiology on vascular imaging studies. We included 1 case enrolled into the trial and later found, on subsequent imaging, to harbor Moyamoya disease. In both groups, subjects outside the age range 18-80 years ( n = 24) were excluded for consistency, resulting in 496 cases in the group with no vascular etiology group and 1,205 cases in the group with vascular etiology (4.7 and 11.4% of 10, 538 patients screened for the trial, respectively).
For all patients in our analysis, we collected age, sex, ethnicity, and primary diagnosis (i.e., primary IVH or IVH with ICH). Age was used as a continuous variable in comparing baseline demographic characteristics and as a binary variable for logistic regression with a cutoff age of ≤ 45 years in accordance with relevant literature [19] . Vascular lesions were categorized as aneurysm, vascular malformations (arteriovenous malformation [AVM], dural arteriovenous fistula, cavernoma, or non-specified vascular malformation), or Moyamoya disease. Baseline characteristics of the 2 groups were directly compared to identify any associated demo- 
Statistical Analyses
All statistical analyses were performed using STATA12 (StataCorp LP, College Station, TX, USA). To compare baseline demographic characteristics, Student t test was used for continuous variables and chi-square test was used for categorical variables. Logistic regression was used to investigate the association between vascular etiology and variables of interest. Multinomial logistic regression was applied to test the association between vascular lesions as etiology and variables of interest. Forward stepwise method was performed to assess combined effects with a significance level of 0.05 for both variable entry and retention.
Results
Study and Patient Characteristics
Our final analysis was therefore based on 1,701 IVH patients comprising a group with no structural vascular etiology (no vascular etiology, n = 496) and those harboring a culprit vascular lesion (vascular etiology, n = 1,205). Demographic characteristics of the 2 groups are summarized in Table 1 . The most common lesions diagnosed throughout the screening process were cerebral aneurysms ( n = 835) followed by vascular malformations ( n = 320) and Moyamoya disease ( n = 35). In 3 cases, the vascular etiology could not be classified further. Imaging modalities used for vascular etiology screening of enrolled subjects comprised CTA ( n = 404, 81%), MRI ( n = 45, 9%), MRA/V ( n = 37, 7%), and formal catheter angiography ( n = 65, 13%).
The vascular etiology group was significantly younger and more likely to be female. While an ICH was very common in both groups, IVH secondary to vascular etiology was less likely to be associated with ICH (primary IVH was more prevalent in cases with vascular etiology). Racial distribution revealed a marked prevalence of AfricanAmerican (AA) patients in the IVH group lacking a structural etiology ( Table 1 ) .
Differential demographic characteristics were compared within the vascular etiology group among different vascular lesions ( Table 2 ) . Patients with cerebral aneurysm were older compared to those with vascular malformations and Moyamoya disease (mean age 57.9 vs. 46.9 IVH patients screened for eligibility n = 10,538
Excluded Table 2 ). Logistic regression analysis for the presence of structural vascular etiology revealed a strong association with some of the demographic characteristics, p = 0.001 ( Table 3 ) . Such association was strongest with age <45 years, female gender, and non-AA ethnicities. Whites, on the other hand, exhibited a subtle predilection to harboring a vascular lesion. Likewise, subjects presenting with primary IVH were more likely to have an underlying lesion compared to those with overt ICH-associated IVH. These variables retained their significance after multivariate modeling. Baseline characteristics having the weakest correlation with vascular etiology were combined to identify a cohort of IVH patients with the least likelihood of harboring an underlying structural etiology. The combined cohort consisted of AA, male patients, >45 years of age, and presenting with overt ICH-associated IVH. This group was found to have the least likelihood of harboring a structural vascular etiology. Nevertheless, even within this group of combined demographics, there were still non-negligible odds of harboring a vascular etiology ( Fig. 2 ) .
Discussion
A systematic review of published literature recently compiled by Cordonnier et al. [23] included 20 studies ( n = 1,933) and addressed the utilization of vascular imaging in the investigation of ICH. The review highlighted the paucity of data, preponderance of selection bias, and small sample sizes, limiting the generalizability of most studies. Yet, roughly one-third of cases in that review had an AVM or aneurysm. Decisions about whether and how to deploy vascular imaging after diagnostic plain CT to determine ICH cause were generally based on patient's age, ICH location, and pre-stroke hypertension, hence introducing significant biases regarding true rates of vascular etiologies and their demographic associations. Other studies have advocated that harboring a vascular etiology is exceptionally rare in the elderly, especially in the context of a deep ICH and history of hypertension [24, 25] . Our study aimed primarily at addressing the relative prevalence of demographic features (age, sex, and ethnicity) in cases with and without vascular etiology in association with IVH, subjected to systematic screening for vascular etiology ( Fig. 3 ) .
Pattern of bleeding on initial non-contract CT scan is pivotal in triaging patients for angiography but remains far from being conclusive. In a study by Delgado Almandoz et al. [19] , 179 plain CT scans were categorized as "low-probability" for vascular etiology by 2 blinded neuroradiologists, 4 of which (2.2%) were later found to harbor a lesion. More than two-thirds of plain CT scans Combination represents the group with the least likelihood (age >45 years, male gender, A-A, IVH associated with ICH). lowed in the study protocol, deployed per clinician judgment, with guidance by the trial's surgical center, and we did not have access to all imaging features of cases excluded from the trial.
Previous reports on the prevalence of vascular malformation in ICH range from 5% to as high as 23% depending on the study design and target population [26, 27] . In our study, almost 11% of the screened patients were excluded from CLEAR III for harboring a vascular malformation (7.9% aneurysms, 3% AVM, and 0.3% Moyamoya disease). Though in keeping with previous studies, these figures should be interpreted with caution since vascular imaging was not systemically applied to all screened cases, and some cases were excluded for other reasons (e.g., death, poor functional scores, withdrawal of consent, etc.) before undergoing etiology screening. Our study recruited subjects from multiple centers around the world; hence, the threshold of vascular screening and the choice of modalities were undoubtedly influenced by different local practices.
We also did not have access to systematic past medical histories of excluded cases; so we could not address other potential factors such as history of hypertension (and its treatment), smoking, and drug or anticoagulant use in the excluded cohort. Other cases excluded during the screening process, for causes other than vascular etiology, were not included in our analysis; hence, our demographic associations only apply to cases who met all the criteria for CLEAR III (with the definite exclusion of vascular etiology) vs. those excluded for definite vascular etiology. As with all such studies, screening may not have identified angiographically occult vascular etiologies such as cavernous malformations.
Despite these limitations, the strength of this study lies primarily in the number of cases of IVH with and without etiology, identified concurrently at 73 sites worldwide, based on a common strategy of screening all potential trial cases for vascular etiology. The differences in demographic features between groups with and without vascular etiology, and among cohorts with vascular etiology, could not otherwise be gleaned in smaller or single site series.
We demonstrated that being younger age, female sex, white race, and primary IVH are significantly more prevalent among patients with vascular etiology than without. Our findings also suggest that, in IVH with a structural vascular etiology, patient demographics can help predict the pathological nature of the underlying lesion, particularly in Asian ethnicity in association with Moyamoya disease. In this large multinational cohort of IVH patients, there was no combination of demographic features which would predict the presence or absence of vascular etiology with better than 90% reliability. Structural vascular lesions were still encountered in hypertensive elderly patients presenting with deep ICH. An underlying vascular etiology for IVH, therefore, cannot be ruled out solely on demographic features in any patient.
The relatively rare primary IVH (without an overt ICH on CT scan), believed to represent 3% of ICH cases [28, 29] , presents an additional challenge due to a rather similar CT picture regardless of bleeding etiology. Hence, clinical suspicion of vascular etiology in primary IVH is more dependent on baseline demographic features than the distribution of blood. Our findings suggest that primary IVH cases have higher odds of harboring an underlying structural etiology compared to IVH with an intraparenchymal ICH component. Results are in keeping with previous series in literature reporting higher etiologic diagnostic yield in primary IVH ranging between 29 and 65% [24, [30] [31] [32] .
We have also illustrated that when vascular etiology screening is judiciously utilized, structural vascular lesions can be found in groups of patients formerly believed to be at low-risk of harboring a vascular etiology. No demographic risk factor(s) can be deemed fully exclusionary for vascular etiology. Our findings advocate that alongside sound clinical judgment, some form of routine vascular imaging is likely needed when screening IVH patients before contemplating interventions like intraventricular fibrinolysis.
